Ⅰ. Introduction
In modern society, shoes are frequently seen as a tool for aesthetic expression and, as such, young women often show a preference for wearing high heels (Ryu, 2010) .
In particular, high heels are favored in terms of fashion due to reflecting trends as well as increasing the wearer's height (Ko et al., 2009) . Furthermore, high heels have been suggested to assert the importance of individuality and, due to increasing trends of confident women, they have become a "must have" item for showcasing the independent and strong female form (Song et al., 2009 ).
However, high heels reduce both the movement of the center of gravity and the area of the support surface, which results in not only unnecessary and excessive activity of the lower leg muscles during walking, but also lower back pain, ankle pain, arthritis, and other musculoskeletal disorders (Franklin et al., 1995; Yoon et al., 2010) .
Additionally, the wearing of high heels not only degrades the wearer's ability to receive and send proprietary sensory information, but also damages the afferent feedback system and negatively affects the neuromuscular control that helps to maintain balance (Gribble et al., 2004) . Furthermore, depending on the height of the heel, the load on the muscle is changed, and an increased multi-directional change in the center of body mass (CBM) causes instability when walking (Lee et al., 2001) . Opila et al. (1988) report that when wearing high heels, the center of gravity is shifted anteriorly for the external meatus and greater trochanter during standing, while for the femoral epicondyle and the lateral malleolus, it is shifted posteriorly. In other words, when standing in high heels, the wearer's center of gravity is shifted anteriorly for the upper body and posteriorly for the lower body.
Plantar pressure is the pressure applied to the whole of the foot as well as to specific areas during movement and the performance of the functional activity of daily life.
As such, it is an area of significant clinical interest (Dowling et al., 2001; Yoon et al., 2009) . Plantar pressure that deviates from the normal range causes not only physiological disorder, but also musculoskeletal injury, while repeated disproportionate weight bearing in the lower limbs will eventually cause postural misalignment (Gravante et al., 2003) .
A previous study that examined the relationship between high heels and plantar pressure reported that the increased pressure placed on the ball of the feet when wearing high heels was also a source of immense discomfort (Song et al., 2009) . The observation of the pressure distribution according to the heel height during walking as well as the shape of the foot showed that at maximum pressure, the height of the high heel was medium and there was minimal restriction. When the height of the high heel was at its lowest, the velocity of the gait appeared to be at its fastest, with excellent absorption of shock (Shin, 1997) .
Furthermore, when standing in high heels, in order to adapt to the resultant mechanical changes to the musculoskeletal system of the foot and ankle, the mechanism of balance control changes in a specific way. This change is associated with decreased balance function and an increased risk of falls (Kim and Lee, 2007) .
Balance maintains both the center of gravity and the base of support. It also provides the ability to move, and this equilibrium reaction is what allows humans to return to a centralized position on a basal plane using muscle activity and muscle production (Yaggie and McGregor, 2002) . In order to maintain the body's balance, whilst moving accordingly, sufficient force must be generated to ensure stability. If the muscles surrounding the ankle joint are not able to achieve stability, the joint becomes unstable and postural fluctuation increases, which eventually reduces the ability to maintain balance (Clifford and Holder-Powell, 2010) . In order to control balance, a sufficient range of joint motion and muscle strength are required (Lee, 2008 ).
An elastic band is a band characterized by elasticity and, therefore, resistance exercise is possible in all directions. Movement is made in opposing directions to the contraction of the band, which increases the muscular strength expenditure without any added gravitational effects (Seo, 2005) . Furthermore, the method is convenient as well as involving little risk of injury and no locational limitations (Jung and Joo, 2003) . It includes many positives such as strengthening muscle, increasing endurance, promoting proprioceptive function, and preventing bone atrophy (Woodall and Welsh, 1990 (Gefen et al., 2002; Lee et al., 2001; Lee et al., 2009; Park, 2016; Yoon et al., 2010) .
However, only a limited number of prior studies investigating the effect of elastic band exercise on the maximum voluntary isometric contraction (MVIC) and plantar pressure in female university students who wear high heels have been conducted. As such, this study divides women in their 20s who wear high heels into two groups.
Each group was then instructed to perform either an elastic band or stretching exercise program, and the effect on the MVIC and plantar pressure was investigated.
Ⅱ. Methods
Subject
The subjects involved in this study were 20 female students aged in their 20s who are currently enrolled in "N" university, Chungnam, South Korea. The subjects were thoroughly informed of the nature of the study, and they all provided voluntary written consent after confirming their complete understanding. At the time of the study, all the subjects were confirmed to not currently experience and have no history of ankle instability. A questionnaire regarding high heels and pain (Park, 2016) has been modified to fit the aims of this study. Physically healthy women capable of exercise who wore heels higher than 5cm for more than 8 hours a day and more than 4 times a week were selected as subjects. The subjects were examined and cleared in terms of their ability to participate in exercise. Through randomized distribution, 10 subjects were assigned to the experimental group which underwent the elastic band exercise program, and 10 subjects were assigned to the control group undergoing the stretching exercise program. During the experiment, subjects were instructed not to wear high heels and the elastic band and stretching exercise program referenced the exercise program used in Lee et al. (2016) .
Experimental Method

1) Elastic Band Exercise Program (Experimental Group)
After performing warm-up exercises, the main exercise was performed, followed by a concluding exercise. The program was performed three times a week for a total of four weeks. The warm-up exercise was not influenced by the set, while the performance of the elastic band exercise was increased to five times per week (Table 1 ). The intensity of the elastic band exercise was set according to the evidence provided in a previous study (Lee et al., 2016 ) conducted on healthy adults, and a blue elastic band was used. 
2) Stretching Exercise Program (Control Group)
The same warm-up exercises were performed as for the experimental group, after which the stretching exercise program was performed. The program was performed three times a week for a total of four weeks. In the control group, no changes were made to the set (Table 2) .
Measurement Apparatus
1) General Characteristics
This study used a body composition analyzer (Inbody 720, BioSpace, South Korea) to measure the general characteristics of the subjects.
2) Measurement of the Ankle MVIC
This study used a BTE Primus RS system (Baltimore Therapeutic Equipment Company, Hanover, MD, USA) to measure the subjects' ankle MVIC. The MVIC of the ankle during dorsiflexion, plantarflexion, inversion, and eversion was measured whilst the subject was in a seated position.
The PRIMUS RS was designed to examine isometric, isotonic, and isokinetic exercise ability. Also, through the cable system, PNF exercise therapy as well as 200 on site examinations can be conducted in the actual environment.
It is structured as one unit with an internal computer monitor and a chair used for evaluation. Additional attachments and basic sports equipment are also included to aid with on site evaluations.
3) Measurement of the Plantar Pressure
A plantar pressure analyzer (Pedoscan, Diers, Germany) was used to measure the subjects' plantar pressure (Fig.   1 ). The subjects were instructed to comfortably stand | between the elastic band exercise group and the stretching exercise group were determined using the independent t-test. The pre-and post-intervention comparison of the plantar pressure and ankle MVIC within each group was conducted using the paired t-test. Statistical significance was set at α=.05.
Ⅲ. Results
General Characteristics of the Subjects
The general characteristics of the subjects who participated in this study are presented in Table 3 . All the subjects were female. Each group consisted of ten subjects, with no particular differences between the groups. There were no significant differences in terms of height, weight, or age between the two groups (p>.05).
Change in the Ankle MVIC
The results of the BTE measurement of the ankle MVIC showed that in terms of plantarflexion and dorsiflexion, both the experimental and control groups did not experience any significant changes for either the left or the right foot (p>.05). A comparison between the groups also showed that there was no change in the results (p>.05) ( Table 4) .
With regard to inversion, a comparison within the groups showed that both the experimental and control groups experienced significant changes in both feet (p<.05);
however, there was no degree of change upon comparison between the groups (p>.05) ( Table 4) . With regard to eversion, within the experimental group there was a significant change in both feet (p<.05). In the control group, there were no significant changes seen for either foot. A comparison between the groups revealed no differences (p>.05) ( Table 4) .
Change in the Plantar Pressure
The Pedoscan apparatus used to measure the subjects' plantar pressure revealed no significant changes in the maximum pressure, average pressure for either foot (p>.05).
Additionally, no significant changes were seen in the comparison between the groups or the comparison within the groups (p>.05) ( Table 5 ).
Ⅳ. Discussion
This study investigated the effect of stretching and elastic band exercise on the MVIC and plantar pressure in women in their 20s who often wear high heels. After measuring the ankle joint MVIC for this study, it was observed that in the experimental group, there was a post-intervention Lt=Left, Rt=Right, †Significant differences between pre-test and post-test, * p <.05 (=Significant differences between Experimental group and control group) increase in the %MVIC for plantar flexion in both feet; however, the value was not of statistical significance. In the control group, the %MVIC was not significant, although it was still observed to have decreased. This is due to post-stretching which causes muscle elasticity (Kokkonen et al., 1998) , twitch force output (Fowles et al., 2000) , and the Golgi-tendon reflex (Rosenbaum and Henning, 1995) to change and thus reducing the muscle strength.
A comparison between the two groups revealed that there were no significant differences between the right and left feet; however, the elastic band exercise program was observed to be relatively more effective in increasing the %MVIC than the stretching exercise program. In terms of dorsiflexion, neither the experimental nor the control group showed significant results upon a comparison within the groups. The control group, wherein stretching was performed, was confirmed to have a more increased %MVIC than the experimental group. This was the case because the wearing of high heels causes the gastrocnemius and soleus to shorten and, as a consequence, the length-tension relationship of the muscles changes and the force of the muscle contractions is reduced, while the ability to generate force is also limited (Gefen et al., 2002; Gimmon et al., 2011; Lee et al., 2009) . It is understood that the results of this study were due to the stretching exercise program re-lengthening the shortened muscle. A comparison between the groups showed that no significant changes occurred in either foot. In terms of inversion, a comparison within both groups showed that there was a significant change in both sides of the feet; however, between the groups there were no differences in the results.
In a prior study that conducted an electromyographic analysis of the ankle joint muscles when on top of a partial footplate (Han et al., 2006) , the highest amount of activity was observed in the tibialis. These findings were similar to the results of a previous study that used BAPS (Soderberg et al., 1991) , which also found the highest amount of activity to be in the tibialis anterior. The tibialis anterior acts as the agonist during the inversion of the ankle (Kendall et al., 1993) .
In terms of eversion, a comparison within the groups showed that only the experimental group demonstrated a significant change in both feet. Within the control group and in a comparison between the two groups, no significant differences were revealed. These findings are similar to the results of a previous study wherein patients with unstable ankles were instructed to exercise on a wobble board, and the post-exercise results showed that the contraction time for the peroneus longus muscle had shortened (Clark and Burden, 2005) . The peroneus longus muscle acts as an agonist during eversion (Kendall et al., 1993) . As such, the experimental group which used a similar elastic band exercise program showed an overall more affected MVIC result than the control group. This may be explained by a previous study that reported resistance exercises using an elastic band enhanced muscle mass and stability by 10~27% as well as increased base physical stamina (Brill, 1995; Miskesky, 1994) . It can be inferred that the strengthening of the ankle joint muscles leads to effective formation of ankle strategy and thus allowing for positive gains in balance.
In this study, plantar pressure was measured using
Pedoscan. There was no difference in the maximum pressure between the experimental group and the control group. This is similar to Lee et al. (2012) , where the preand post ankle muscle strengthening training showed no significant changes in the maximum pressure around the first metatarsal bone area. Furthermore, the average pressure also showed no difference in change for both the experimental and control group. In a previous study that measured the change in plantar pressure after using a TOGU (Kim and Lee, 2012) , the pre-exercise data was 2.7 N/Cm2 while the post-exercise data was 3.0 N/Cm2, showing a slight improvement of flat feet. However, the lack of statistical significance was similar to the results of this study. Yet in a separate, longer study that was conducted for 12 weeks, three times a week (Kwon, 2014; Lim, 2014) the results showed change of significance. This was thought to be a result of the increased length of the experiment which allowed for a more exact performance of the exercise.
While the ankle muscle MVIC experienced positive change for both the elastic band and normal stretching group, the plantar pressure did not experience the same effects. In a previous study using a TOGU it was also noted that while there was a significant effect on balance, there were no effects noted on plantar pressure. In future studies, it is recommended that for a more clinically significant experiment, as suggested in a previous study (Kim et al., 2016) , the study should last for 8 weeks, the daily life and personal exercise times should be completely restricted, and more individuals should take part in the study.
Ⅴ. Conclusion
The purpose of this study was to investigate the effects of the elastic band exercise program and the stretching exercise program on the change of plantar pressure and MVIC of the ankle muscles in female students wearing high heels. As a result, changes in plantar pressure and plantar flexion's MVIC were not changed in both groups, but both inversion's and eversion's MVIC showed improved results. In particular, exercise programs using elastic bands
were not statistically significant but were more effective than exercise programs using stretching. In Dorsiflexion's MVIC, exercise program using stretching was not statistically significant but relatively effective than exercise program using elastic band. Therefore, it is suggested that exercise program using elastic band and exercise program using stretching can be an effective intervention method for MVIC of ankle joint muscles. Although the change of plantar pressure was not effective in this study, If the period and target number are secured, it is expected to have a positive effect.
